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Objectives. This study was designed to determine the diagnostic
value of chi r raphy for pericardial
fusion.
llaekgs and. Pericardial efhtslolls may cause life-tick
eatening
cardiac cmnpikations, yet they are often difficult to diagnose,
MAoda. In a blinded manner, we reviewed the chest radio-
graphs of 83 patients with echocardlographically diagnosed peri-
cordial effuslons (S large, l8 moderate, 60 small) and those of 17
control subjects without effusions . We examined four radio-
graphk signs: an enlarged cardiac silhouette, a pericardial fat
stripe, a p> inant lit-sided pleural effusion and an Increase In
transverse cardiac diameter compared with the diameter on a
previous chat radiograph.
Results, An enlarged cardiac silhouette was moderately sensi-
tive (71%) but not specific (41%) for pericardial effusion. A
pericardial fat stripe, a predominant left-sided pleural effusion
ad an Increase In transverse cardiac diameter were all specific
(94%, 100% and 80%, respectively) but not sensitive (12%, 20%
Pericardial effusions may cause life-threatening cardiac com-
plications, yet they are often difficult to diagnose . Echocar-
diography, computed tomography and magnetic resonance
imaging can accurately detect and quantify pericardial effu-
sions (1), but these techniques are expensive and are often
not readily available in emergent situations. In contrast,
chest radiography is inexpensive and readily available, but
its diagnostic value for pericardial effusion has not been
systematically studied .
Several radiographic signs have been proposed as being
closely associated with the presence of pericardial effusion .
These signs include an enlarged cardiac silhouette (2), a
pericardial fat stripe (2-6), a predominant left-sided pleural
effusion (7) and an increase in transverse cardiac diameter
compared with the diameter on previous chest radiographs
(1,8). Unfortunately, most of the previous studies that ex-
amined these radiographic signs were performed in skewed
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and 46%, respectively) . A predominant left-sided pleural effusion
was associated with pericardial effusions of all sixes (odds ratio =
1.3,98% confidence Interval [CIi =1.0--1 .6, p = 4.44) and with
large and moderate
perk
ardlal
effusions
alone (odds ratio = 7.?,
95% CI = 2.5-24.0, p = 0.0014). In contrast, a pericardial fat
stripe was associated only with large and moderate pericardial
effusions (odds ratio = 3 .3,9S% Cl = 0.9-12.0, p = 0,07), and an
enlarged cardiac silhouette and an Increase in cardiac diameter
were not associated with pericardial efrhsion at all .
Conclusions. A predominant left-sided pleural ellclon and a
pericardial fat stripe are chest radiographic signs that are sugges-
tive, but not diagnostic, of pericardial effusion . Because these
signs cannot reliably confirm or exclude the presence of pericar-
dial e11 a, we conclude that chest radiography is poorly diag-
nostic of this condition.
(! Am Coll Cardiol 1993;22:588-93)
populations . Several studies examined patient groups with
an unusually high prevalence of large effusions, and most
studies did not include appropriate control subjects . Because
of these methodotogic problems, previous studies may have
overestimated the diagnostic value of these four radio-
graphic signs for pericardial effusion .
To determine the diagnostic value of chest radiography
for pericardial effusion, we examined the abilities of the four
radiographic signs to distinguish 1) patients with a pericar-
dial effusion of any size from those with no effusion, and
2) patients with a large or moderate effusion from those with
a small or no effusion . To that end, we reviewed the chest
radiographs of 83 patients with a a wide distribution of
effusion sizes and those of 17 control subjects, most of whom
had cardiac disease but none of whom had pericardial
effusions.
Methods
Study group, Using a retrospective, cross-sectional de-
sign, we drew our study patients from a group of 187
hospitalized patients who were diagnosed with pericardial
effusions at the Molt-Long Hospital (University of Califor-
nia, San Francisco) (9) . This group included all patients with
echocardiographically documented pericardial effusions who
were seen over a 1-year period . Patients were referred for
echocardiographic studies from a variety of medical and
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surgical services including the Emergency Department . For
inclusion, patients had to be either hospitalized at the time of
the index echocardiogram or admitted to the hospital imme-
diately after the study . If multiple echocardiograms were
performed during an admission, the first to document an
effusion was used as the index study . Patients were excluded
if their echocardiograms were technically inadequate or
were not available for review .
Echocardiography . All patients had two-dimensional
echocardiograms recorded on 0.5 in .-(1 .27 cm) VHS video-
tape that were subsequently evaluated for effusion size . Size
was graded as follows : small = an echo-free space only seen
posteriorly, moderate = a circumferential echo-free space
51 cm 'n width at its widest point and large = a circumfer-
ential echo-free space >1 ctn in width at any point . Small
effusions were estimated to be <I 00 ml in volume, moderate
100 to 500 ml, and large >500 ml .
Chest radiography . Of 187 patients with pericardial elfu ..
sions, 83 (44%) had technically adequate posteroanterior and
lateral chest radiographs (72-in . distance, 140 kvP, photo-
timed) that were obtained for a variety of clinical indications
within 24 h of echocardiography . Nine of the 83 patients had
chest radiographs obtained after their index echocardio-
grams (within 24 h), but none of these patients had pericar-
diocenteses or surgical drainage procedures in the interim .
Each radiograph was independently reviewed in a blinded
fashion by tw investigators (one an experienced thoracic
radiologist). Disagreements were resolved by consensus,
involving a third investigator if necessary . Each chest radio-
graph was evaluated for the following signs: 1) an enlarged
cardiac silhouette, 2) a pericardial fat stripe, 3) a predomi-
nant left-sided pleural effusion, and 4) an increase in trans-
verse cardiac diameter compared with the diameter on a
previous chest radiograph . Criteria for each of the signs were
as follows . An enlarged cardiac silhouette was defined as a
cardiothoracic ratio >50% . (Cardiothoracic ratio was mea-
sured as the maximal transverse cardiac silhouette diameter
divided by the internal transthoracic diameter at the level of
the apex of the right hemidiaphragm on a posteroanterior
chest radiograph.) A pericardial fat stripe was defined as
either 1) a curvilinear soft tissue density stripe paralleling the
heart margin and sandwiched between fat-density epicardial
fat and mediastinal fat (Fig . 1), or 2) a single fat-density
stripe located around the margin of the myocardium (Fig . 2) .
A predominant left-sided pleural effusion was defined either
as an isolated left pleural effusion or as bilateral pleural
effusions when the left-sided effusion was appreciably larger
than the right-sided effusion (7) . An increase in transverse
cardiac diameter was defined as an increase >15 cm over
the diameter on a previous chest radiograph .
Control subjects . Seventeen control subjects were se-
lected as follows. Of the original 187 patients with echocar-
diographically diagnosed pericardial effusions, 50 patients
had large or moderate effusions. After determining the date
and time of each patient's echocardiogram, we identified the
next inpatient of similar age and gender who had an echocar-
EISENBE
.RG ET AL .
CHEST RADIOGRAPHY AND PERICARDIAL EFFUSION
589
Figure 1 . Lateral chest radiograph demonstrating pericardial effu-
sion, Two low density lines (arrows) are seen bordering a soft tissue
density stripe,
which constitutes the pericardial effusion defined by
fat .
diogram that showed no evidence of pericardial effusion .
These patients were unselected and had undergone echocar-
diography for a variety of cardiac problems . Of the 50
patients identified in this way, 17 were found to have
posteroanterior and lateral chest radiographs that were ob-
Figure 2. Single fat layer visible with pericardial effusion . A lateral
chest radiograph demonstrating a single low density fat
stripe
(arrow)
. The low density fat stripe is epicardial fat visible between
the myocardium and the pericardial effusion . Mediastinal fat, which
forms the outer border of the soft tissue stripe, is not visible .
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Table 1
. Distribution of Radioaaphic
Signs Among Patients With Pericardial Effusions of Different Sizes
tained within 24 h of their echocardiograms . The control
group comprised these 17 patients, most of whom had
cardiac disease but none of whom had pericardial effusions
demonstrated by echocardiography .
Statistical analysis
. For statistical analysis, we grouped
the patients according to pericardial effusion size : 1) large
and moderate, 2) small, and 3) no pericardial effusion (con-
trol group). We then determined the distribution of the
radiographic signs among the three groups and calculated
two sets of diagnostic test characteristics (sensitivity, spec-
ificity, positive and negative predictive values and accuracy)
for each sign. The first set of test characteristics assessed the
abilities of the radiographic signs to distinguish patients with
pericardial effusion of any size from patients with no effu-
sion, and the second set assessed the abilities of these signs
to distinguish patients with large and moderate effusion from
patients with small or no effusion. We were particularly
interested in the second set of test characteristics because
small pericardial effusions are often of little hemodynamic
significance whereas moderate and large effusions are more
frequently of clinical importance . After calculating test char-
acteristics, we performed univariate analysis of each radio .
graphic sign versus the presence or absence of pericardial
effusion . If p values were :s 0.10 by univariate analysis
(chi-square or Fisher exact test), the radiographic signs were
entered into a multivariate logistic regression model. Odds
ratios and 95% confidence intervals (Cl) were calculated for
associations between radiographic signs and pericardial ef-
fusion. All hypothesis tesiing was two-sided, and a p value s
0.05 was considered t, be significant.
Results
Distribution of 'tdiographic signs . Of the four radio-
graphic signs, only an enlarged cardiac silhouette was fre-
quently seen in each of the three patient groups (Table 1) . A
pericardial
fat stripe and a predominant left-sided pleura
effusion were less frequently seen but were most common
among patients with large and moderate effusions . An in-
crease in transverse cardiac diameter was also less fre-
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quently seen and appeared to be randomly distributed among
the three groups .
Ability to distinguish patients with effusion from patients
without effusion. None of the radiographic signs could reli-
ably distinguish patients with pericardial effusion from pa-
tients without pericardial effusion (Table 2) . An enlarged
cardiac silhouette (defined as a cardiothoracic ratio >50%)
was moderately sensitive (71%) but not specific (41%) .
(When an enlarged cardiac silhouette was defined as a
cardiothoracic ratio >60%, specificity was improved [76%)
but sensitivity was diminished [39%].) In contrast, a pericar-
dial fat stripe, a predominant left-sided pleural effusion and
an increase in transverse cardiac diameter were specific
(780%) but not sensitive (<70%) . Each of the four radio-
graphic signs had high positive predictive values (>85%) but
had low negative predictive values (<40%) and accuracies
(870%). These results are consistent with the high preva-
lence of pericardial effusion in our study group (83 of 100) . In
a patient group with a lower prevalence of pericardial
effusion, these radiographic signs will have predictive values
and accuracies different from those reported in Table 2 (10).
For example, in a patient group with a 10% prevalence of
pericardial effusion, positive predictive values will range
from 12% to 20% (100% for predominant left-sided pleural
effusion), negative predictive values will range from 91% to
93% and accuracies will range from 44% to 92%.
Ability to distinguish patients with a large or moderate
effusion from patients with a small or no effusion . Although
none of the radiographic signs were diagnostic of pericardial
effusions of all sizes, the presence of a predominant left-
sided pleural effusion or a pericardial fat stripe was sugges-
tive of the presence of large or moderate pericardial effusion
(Table 3). Although the sensitivities of both signs were low
(<60%), their specificities and accuracies were high (?9l%
and 770%, respectively). Despite their high specificities, the
low prevalence of large and moderate pericardial effusions in
our patient group (23 of 100) caused these radiographic signs
to have low positive predictive values . Thus, only 59% of
patients with a predominant left-sided pleural effusion and
45% of patients with a pericardial fat stripe had large or
Radiographic
Sign
Pericardial Effusion
No Effusion
(control group)
(n = 17)
Large and Moderate
(n
a
23)
Small
(n 60)
Enlarged cardiac silhouette
79(18) 68(41) 5900)
Pericardial fat stripe
22(5)
80) 6(I)
Predominant left-sided
pleural allusion
All patients
43(10)
12(l)
0 (0)
Only patients with pleural effusions
59 (10117) 25 (7128)
0(014)
Increase in transverse
cardiac diameter
compared with diameter on
Most recent previous radiograph
270111)
54(14/26)
20013)
Most recent radiograph during previous
1-29 days 13(118)
360113) 0(011)
Most recent radiograph
X29 days previously
67 (213) 69 (91131 25014)
All values are expressed
in percent (no.) of patients .
*Test characteristics refer to the ability of chest radiography to distinguish the 83 patients with pericardial effusion of any size from
the 17 patients without
effusion . All values are expressed in percent (no.) of patients.
moderate pericardial effusions. Because most patient groups
have an even lower prevalence of large and moderate
effusions, these radiographic signs will, in practice, have
even lower positive predictive values and higher negative
predictive values than those reported in Table 3 . Thus, itt a
patient group with a 10% prevalence of pericardial effusion,
positive predictive values for the two signs will be in the
range of 23% to 35%, negative predictive values 91% to 94%
and accuracies 76% to 86% .
Univariate and multivariate analyses. To assess which
radiographic signs were most closely associated with peri-
cardial effusion, we performed univariate and multivariate
analyses (Table 4). These analyses revealed that a predom-
inant left-sided pleural effusi^n was associated with pericar-
dial effusions of all sizes (odds ratio = 1 .3, 95% Cl =
1 .0-1.6, p = 0 .04) and with large and moderate effusions
alone (odds ratio = 7 .7, 95% CL = 2 .5-24.0, p = 0.0004). A
pericardial fat stripe was associated with only large and
moderate effusions (odds ratio = 3 .3, 95% Cl = 0 .9-12 .0,
p = 0.07), whereas an enlarged cardiac silhouette and an
increase in cardiac diameter were not associated with peri-
cardial effusions at all .
Discus otn
Our study assessed the diagnostic value of chest radiog-
raphy for pericardial effusion . We found that the presence of
Table 3. Diagnostic Value of Chest Radiographic Signs for Large and
Moderate Pericardial Effusion*
predominant left-sided pleural effusion or a pericardial fat
stripe on a chest radiograph is suggestive but not diagnostic
of pericardial effusion. Because these radiographic signs
cannot reliably confirm or exclude its presence, we conclude
that chest radiography is poorly diagnostic of pericardial
effusion .
Predominant left-aided pleural effusion. Of the four radio-
graphic signs we examined, a predominant left-sided pleural
effusion was the most. closely associated with the presence of
pericardial effusion . The association between left-sided pleu-
ral effusion and pericardial effusion was first described by
Weiss and Spodick (7) . Because pleural effusions associated
with heart failure were known to ba more frequently right-
sided than left-sided (11,12), these at ithors (7) hypothesized
that pleural effusions associated with pericardial disease are
more frequently left-sided than right sided . After excluding
patients with lung and pleural diseaase, they examined 35
patients with pericardial disease and pleural effusion . They
found that 25 patients (71%) had predominant left-sided
pleural effusions, that 3 patients (9%) had predominant
right-sided pleural effusions and that 7 patients (20%) had
symmetric pleural effusions . After reporting these findings,
they (7) offered several suggestions as to why left-sided
pleural effusions arc associated with pericardial disease .
1) Because the area of contact between pericardium and
pleura is greater on the left than on the right, infectious and
inflammatory processes may preferentially spread to the left
*Test characteristics refer to the ability of chest radiography to distinguish
the 23 patients with large and moderate pericardial effusion fro
:n the 77 patients
with small or no effusion
. All values are expressed in percent (no.)
of patients.
Radiographic Sign
Sensitivity Specificity
Positive
Predictive Value
Negative
Predictive Value Accuracy
Enlarged cardiac silhouette
7808123)
34(26177) 26 (18169)
84 (26131)
44(44/100)
Pericardial fat stripe
22 (5123)
92 (71/17) 450111)
80 (71189) 76476/100)
Predominant left-sided pleural effusion
All patients
43 (10123) 91(7077)
59(10/17) 84 (70183)
80(80/100)
Only patients with pleural effusions
59 (10117)
78(25132) 5900/17)
78(25/32) 71(35149)
Increase in transverse cardiac diameter compared with diameter
on
Most recent previous radiograph
27 (3111)
52 (16131)
°7 (3118) 67 (16/24)
45 (19142)
Most recent radiograph during previous 1-29 days
13 (1/8) 64(9/14)
17(1/6) 56 (9116)
4500/22)
Most recent radiograph >29 days previously
67 (213)
41(7/17) 17 (2/12)
88(718) 45(9/20)
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Table 2 . Diagnostic Value of Chest Radiographic Signs for Pericardial Effusion of All Sizes*
Radiographic Sign
Sensitivity Specificity
Positive
Predictive Value
Negative
Predictive Value
accuracy
Enlarged cardiac silhouette 71 (59183)
41 (7117) 86 (59169)
23 (7131)
66(66/100)
Pericardial fat stripe 12(10/83) 94 (16117)
9100/11) 18(16/89)
26 (26/100)
Predominant left-sided pleural effusion
All patients
20 (17)83) 100(17/17) 10007/17)
29 (17183) 34(34/100)
Only patients with pleural effusions 38 (17145) 100(4/4)
100 (17117) 13(4/32)
43(21/49)
Increase in transverse cardiac diameter compared with diameter on
Most recent previous radiograph 46 (17137) 80 (4/5) 94(17/18) 17(4124)
50(21/42)
Most recent radiograph during previous 1-29 days 29 (6/21) 100011) 100(616) 17(1/6)
32(7122)
Most recent radiograph >29 days previously 69 (1111 u) 75 (314)
92 (11112) 38(318)
70 (14120)
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Table 4
. Univariate and Multivariate Analyses of Chest Radiographic Signs and
Pericardial Effusion
Enlarged cardiac
silhouette
Pericardial fat strip
.
Predominant left-sided pleural effusion
Increase in transverse cardiac diameter
Enlarged cardiac silhouette
Pericardial fat stripe
Predominant left-sided pleural effusion
Increase in transverse
cardiac diameter
Univariate Analyses
Multivariate Analyses
1 .3
(1
.0-1 .6)
CI
m
confidence interval
.
side; 2) etiologic processes may simultaneously affect both
the pericardium and the pleura; and 3) pericardial fluid may
exude from the serosal surface of the visceral pericardium
through the parietal pericardium and into the pleural space .
Although we did not exclude patients with lung and pleural
disease from our study group, our results confirm the find-
ings of Weiss and Spodick (7) and suggest that a predominant
left-sided pleural effusion is a specific but not a sensitive sign
for pericardial effusion .
Perlcardial fat stripe. A surprising observation in our
study was the finding of a pericardial fat stripe in only 12% of
patients with pericardial effusions of all sizes and in only
22% of patients with large and moderate effusions . Previ-
ously, a pericardial fat stripe had been described in up to
50% of patients with pericardial effusion and was therefore
thought to be a reasonably sensitive radiographic sign (2,4).
Why did we find so few chest radiographs with a pericardial
fat stripe? One reason is that this sign is seen most com_
monly in patients with large pericardial effusions (Table 1) .
Because many of the earlier studies examined patients with
predominantly large pericardial effusions, this sign was
observed more frequently and was therefore found to be
more sensitive . A second reason may be that, in comparison
with earlier studies, we employed modern chest radiographic
techniques including high kilovoltage exposures and low
contrast relatively high speed film-screen combinations. As
the distinction between fat density and soft tissue density
requires a system that emphasizes low contrast differences,
current chest radiographic techniques may make the pericar-
dial fat stripe less visible and thus less sensitive for pericar-
dial effusion.
En d cardiac silhoaette and Increase In cardiac diam-
eter. Earlier reports (2-8) suggested that an enlarged car-
diac silhouette and an increase in transverse cardiac diame-
ter are suggestive of pericardial effusion . In our study,
Associations With
	
Associations With Large and
Pericardial Effusion of All
Moderate Pericardial
Sizes Effusion
Odds Ratio
p Odds Ratio
(95% CI)
Value (95% CI)
0 .32
0 .46
0 .04
0
.28
0.04
1 .8 (0.6-5 .5)
3 .3 (0.9-12.0)
7
.7(2
.5-24
.0)
2
.5 (0
.6-11
.0)
7
.7 (2 .5-24
.0)
p
Value
0.28
0.07
0.0004
0.23
0
.0004
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however, these signs could not distinguish patients with
pericardial effusion of any size from patients without effu-
sion, and they could not distinguish patients with a large or
moderate effusion from patients with a small or no effusion .
These results differ from those of previous studies and
probably reflect our different study patients . Compared with
earlier studies, our study included patients witn a wider
distribution of effusion sizes and we also included control
subjects who were being evaluated for possible cardiac
disease. For this reason, radiographic signs that may distin-
guish patients with a large pericardial effusion from normal
control subjects were not found to be diagnostic in our
study. For example, although patients with pericardial effu-
sion may have an enlarged cardiac silhouette, many of the
patients they need to be distinguished from have underlying
cardiac disease and also have an enlarged cardiac silhouette .
Similarly, although patients with new or worsening pericar-
dial effusions may have increasing cardiac diameter, many of
the patients they need to be distinguished from also have an
increasing cardiac diameter due to recent left ventricular
dilation . Thus, because our study patients are more repre-
sentative of typical patient populations than were patients
examined in previous studies, our results may be more
reflective of the true value of chest radiography for pericar-
dial effusion .
Limitations of the study. Several potential limitations of
our study should be noted. 1) Chest radiography and echo-
cardiography were performed up to 24 h apart, and it is
conceivable that some effusions changed in size in the
interim. However, <5% of the patients we examined had
acute pericai dial effusions (9),and we excluded patients with
intervening drainage procedures . Thus, it is unlikely that a
significant number of patients had pericardial effusions that
changed in size during the interval between radiographic and
echocardiographic studies.
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2) Our study group was restricted to hospitalized patients
with pericardial effusion . These patients may reflect a clini-
cal spectrum different from that of outpatients with pericar-
dial effusion. Consequently, our results may not necessarily
reflect the diagnostic value of chest radiography for pericar-
dial effusion in outpatient settings .
3) Although our study group more closely reflects patients
seen clinically than have patients in previous studies, it is
still skewed toward patients with pericardial effusion (par-
ticularly, large or moderate effusion) . In most clinical set-
tings, the majority of patients suspected of having pericardial
effusion do not have this condition, and those who do tend to
have a small rather than a large effusion . Because predictive
values and accuracies are highly dependent on the disease
prevalence in the population being studied (10), the predic-
tive values and accuracies we obtained may well be different
in other patient populations . As most clinical populations
have a small number os patients with a large or moderate
effusion, the chest radiographic signs we examined will
necessarily have lower positive predictive values and higher
negative predictive values in other groups than those re-
ported here .
Conclusion€ . In this examination of the diagnostic value
of chest radiography for pericardial effusion, we found that
the presence of a predominant left-sided pleural effusion or a
pericardial fat stripe on a chest radiograph is suggestive but
not diagnostic of pericardial effusion . Because these signs
cannot reliably confirm or exclude the presence of pericar-
EISENBERG ET
AL.
	
593
CHEST RADIOGRAPHY AND PERICARDIAL EFFUSION
dial effusion, we conclude that chest radiography is poorly
diagnostic te¢ this condition .
We are indebted to Keith Oken, MD, Salvador Guerrero, MD and Mohammad
Ali Saniei, MD for their assistance in data collection .
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